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Prodromal symptoms and cardiac history were ex- 
amined in 227 patients with coronary artery disease 
who were successfully resuscitated after out-of-hos- 
pital cardiac arrest. Cardiac arrest was sudden- 
with either no symptoms or symptoms for less than 
1 hour-in 71% of the patients. Nonsudden 
death4eath occurring after more than 1 hour of 
symptoms-occurred in 29% of the patients. A his- 
tory of cardiovascular disease was present in 85% 
T he instantaneous nature of sudden cardiac death 
has been appreciated for centuries and has been sup- 
ported by a number of anecdotal and epidemiologic 
reports. Although death often occurs instantaneously, 
it usually occurs in the setting of cardiovascular dis- 
ease.l-” The fact that cardiac arrest usually occurs as 
an outcome of previous cardiac disease is important in 
determining medical strategies for prevention of sud- 
den death. Because of this, therapy directed at the 
treatment of known cardiovascular disease can modify 
the incidence of sudden death. 
Although recent studies indicate that both ische- 
mia” and infarction7 can occur silently without recog- 
nized symptoms, the frequency of sudden death with- 
out symptoms is not well known. Knowledge about the 
prodromal symptoms occurring before cardiac arrest 
can provide insight into the mechanism of the event. It 
is obviously difficult to ascertain the prodromal symp- 
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of patients with sudden cardiac arrest and in 83% 
with nonsudden arrest. Cardiac arrest occurred 
without symptoms in 38% of the patients with sud- 
den cardiac arrest and was the first expression of 
coronary artery disease In 4% of the entire study 
group. This study indicates that cardiac arrest usual- 
ly occurs with symptoms and almost always in the 
setting of a history of cardiovascular disease. 
(Am J Cardiol 1988;58:1195-1198) 
toms experienced by cardiac arrest victims because 
the patients are rarely available for interview. Patients 
resuscitated after out-of-hospital cardiac arrest, how- 
ever, are a unique group in whom the symptoms and 
suddenness of cardiac arrest can be explored. To in- 
vestigate these issues, we interviewed patients resusci- 
tated after an out-of-hospital cardiac arrest with re- 
gard to their prodromal symptoms and medical history. 
Methods 
All emergency cardiac arrest runs of the emergen- 
cy medical services and all successfully resuscitated 
cardiac arrest victims in Lucas County, Ohio (pop. 
484,370), Kent County, Michigan (pop. 411,044), and 
Southfield, Michigan (pop 69,285] from July 1, 1975, 
through June 30,1982, were registered in the study. We 
have described the characteristics of the emergency 
care systems in these communities.’ During the 84 
months of this study a total of 3,849 cardiac arrest 
events occurred. Two hundred seventy-four patients 
(7%) left the primary receiving hospital alive and 
are considered to have had successful resuscitations. 
While in the hospital, these patients were registered 
and laboratory and electrocardiographic data were 
collected. Hospital records were reviewed for clinical 
information relating to medical history. 
The demographic characteristics and methods of 
patient classification have been discussed previously.’ 
Of the 274 patients successfully resuscitated, 227 (83%) 
were classified as having significant CAD and are the 
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TABLE I Clinical Characteristics of Sudden and Nonsudden 
Arrest in 227 Resuscitated Victims of Out-of-Hospital Cardiac 
Arrest with Coronary Artery Disease 
Sudden Nonsudden 
(n = 162) (n = 65) 
Medical history (%) 
Angina pectoris 
Systemic hypertension 
Previous myocardial infarction 
Heart failure 
None of above 






None of above 














population analyzed in this study. All other patients, 
without evidence of CAD, were excluded from further 
data analysis. Using previously described criteria,’ 91 
(WI’O) were classified as having had an acute myocar- 
dial infarction, 88 (37O/0) an ischemic event and 48 
(189’0) a primary arrhythmic event. The presence of 
preexisting cardiovascular disease including angina 
pectoris, myocardial infarction, congestive heart fail- 
ure, systemic hypertension and diabetes mellitus was 
identified. In addition to the laboratory and electrocar- 
diographic data, patients were interviewed and ques- 
tioned about the duration and nature of symptoms be- 
fore arrest. Interviews were carried out by nurse 
clinicians at each study center using a standardized 
questionnaire. Patients were interviewed as soon as 
possible after the event. 
An extensive database involving several hundred 
variables for each patient has been created, edited and 
stored in the disk files at the University of Michigan 
Computing Center. These data were analyzed within 
the Michigan Interactive Data Analysis System (MI- 






FAILURE pREFus l:: 
FIGURE 1. Relation of cardiac history to clinical arrest event. AM! = 
acute myocardlal infarction. l p <O.OS, AMI vs ischemic and ar- 
rhythmic event. 
TABLE II Characteristics of Sudden and Nonsudden Arrest in 
227 Resuscitated Victims of Out-of-Hospital Cardiac Arrest with 
Coronary Artery Disease-Entry Event Related to Suddenness of 
Arrest 
Entry Eventt 
Sudden (n = 162) Nonsudden (n = 65) 















1 See Methods section lor definition. 
lences were tested using the standard Pearson chi- 
square statistics. Cumulative survival curves were 
plotted using the Kaplan-Meier survival analysis. 
Results 
Patients were classified as having a sudden cardiac 
arrest if they had no symptoms or if their symptoms 
preceded the arrest for less than 1 hour. If symptoms 
preceded arrest by more than 1 hour, they were classi- 
fied as a nonsudden arrest. Of the 227 resuscitated 
patients, 162 (71%) had sudden cardiac arrests and 65 
(29%) nonsudden cardiac arrests [Table I). A history of 
angina pectoris, heart failure or myocardial infarction 
together with a history of systemic hypertension was 
defined as a history of cardiac disease. This history 
was found in 85% of the sudden and 83% of the non- 
sudden cardiac arrest victims. 
Chest pain was the most common prodromal symp- 
tom in both the sudden and nonsudden arrest groups, 
but was significantly more common in the nonsudden 
arrest group [Table I). The incidence of dyspnea in the 
nonsudden cardiac arrest group was almost twice that 
in the sudden cardiac arrest group. In the sudden car- 
diac arrest group, arrest occurred without previous 
symptoms in 38% (61 of 162) and in the absence of both 
history and symptoms in 5% (8 of 162). By definition, 
the nonsudden arrest group were all symptomatic be- 
fore the event. For the entire group of 227 patients, 
cardiac arrest occurred in 26% without symptoms and 
in 4% without either a history of cardiac disease or 
symptoms. 
In Table II the suddenness of cardiac arrest is relat- 
cd to the clinical event associated with the cardiac 
arrest event. Patients whose arrest event was an acute 
myocardial infarction tended to have symptoms and 
had nonsudden arrest more frequently than patients in 
the ischemic and primary arrhythmic groups. 
The relation of the historical components of cardio- 
vascular disease before cardiac arrest to the clinical 
arrest event itself is shown in Figure 1. Angina pectoris 
was the most common. A history of heart failure, hy- 
pertension and previous myocardial infarction was 
more frequent in patients arresting with an ischemic 
(47%, 56% and 5770) or primary arrhythmic event 
(51%, 58% and 7l%] than those who had an acute 
myocardial infarction (1670, 37% and 33701 (p cO.05). 
Cardiac arrest was the first historical presentation of 
December 1, 1966 THE AMERICAN JOURNAL OF CARDIOLOGY Volume 56 
TABLE III Relation of History to Clinical Arrest Event 
Acute Myocardial lschemic 
Infarction Events 
(n = 91) (n aa) 
Primary Arrhythmic 
Events 
(n = 48) 
Angina pectoris (%) 51 63 58 
Heart failure’ (%) 16 47 51 
Systemic hypertension’ (%) 37 56 58 
Previous myocardial 33 57 71 
infarction (%) 
No disease history (%) 29 7 a 
‘p <0.05 acute myocardlal infarction vs ischemic event and primary arrhythmic event. 
heart disease in 29% of patients in the subgroup whose 
arrest was associated with acute myocardial infarc- 
tion, compared with 7% and 8% of the ischemic and 
primary arrhythmic event groups [p cO.05) (Table III). 
Patients with a history of cardiac disease before 
cardiac arrest had a significantly worse cumulative 
survival rate (p <0.05) than those without previous car- 
diac disease (Fig. 2). The l- and 2-year cumulative 
survival for the 36 patients without a history was 97% 
and 89% and that in the 191 patients with a history of 
cardiovascular disease was 76% and 61%. The sud- 
denness of cardiac arrest had no effect on cumulative 
mortality (Fig. 3). 
The relation of symptomatic angina pectoris to the 
occurrence of symptoms before arrest is shown in Ta- 
ble IV. The prodromal symptdms of chest pain or indi- 
gestion occurred in approximately one-third of the pa- 
tients. Its occurrence was similar in patients with and 
without a history of angina pectoris, although 28% of 
the patients without a history of angina pectoris had 
prodromal chest pain, compared to 37% with a history 
of angina pectoris [difference not significant). 
Discussion 
The sudden nature of death in CAD patients is sup- 
ported by the examination of this very unique group of 
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FIGURE 2. Cumulative survival ot resuscttated out-of-hospital car- 
dlac arrest victims related to history of cardiac history before 
arrest. 
TABLE IV Prodromal Angina or Indigestion Related to Prior 




Chest Pain and/or 
Indigestion 
(%) 
Angina pectoris 0 + 0 + 
0 (n = 67) 72 28 67 33 
+ (n = 76) 63 37 59 41 
patients. However, 29% of these resuscitated out-of- 
hospital cardiac arrest victims do not fit the l-hour 
definition of sudden death. This compares to epidemi- 
ologic studies of patients with CAD indicating that ap- 
proximately 55% experience nonsudden deathe5 Al- 
though our study patients usually had a history of 
cardiac disease, cardiac arrest occurred instantly and 
without symptoms in 26% of all patients. In the pa- 
tients who died suddenly, cardiac arrest was the first 
expression of CAD in 5%, and in 4% of all patients. In 
85% of our patients, sudden cardiac arrest was preced- 
ed by a history of heart disease. In contrast, Doyle et al” 
reported that 50% of the men and 70% of the women 
who died suddenly in the Albany-Framingham Study 
0 6 12 16 24 30 36 4; 46 54 60 66 72 78 84 90 
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FIGURE 3. Cumulative survival of resuscitated out-of-hospital car- 
diac arrest victims related to sudden and nonsudden death. 
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had no overt history of heart disease. They state that 1 
of every 5 persons in whom CAD develops will present 
with sudden death as their first and only symptom. Our 
data do not support that conclusion. 
The occurrence of significant events in CAD with- 
out symptoms was emphasized by Kannel and Abbott,’ 
who reported that 25% of the myocardial infarctions in 
patients in the Framingham study occurred without 
symptoms. Patients who had asymptomatic infarctions 
had a lower incidence of angina before that infarction. 
They proposed that patients who havea silent myocar- 
dial infarction previously demonstrate disassociation 
between pain and ischemia by their lack of prior angi- 
na pectoris. In the Framingham study the incidence of 
subsequent sudden death in the unrecognized or silent 
infarct group was 10% and in the recognized group 
12%. Deanfield et allo correlated regional myocardi- 
al perfusion defects with ischemtc ST-segment ab- 
normalities occurring in the setting of mental stress. 
The occurrence of asymptomatic electrocardiographic 
manifestation of myocardial ischemia has been noted 
by several investigators. 6,g-13 Schang and Pepinell 
observed that only 25% of the episodes of significant 
ST-segment depression observed during l&hour am- 
bulatory monitoring were associated with symptoms. 
Cohn6 suggested that certain patients may actually be 
unable to develop pain as a response to ischemia and 
therefore may be at an increased risk of select ische- 
mia and sudden death. Our study supports the concept 
that asymptomatic sudden cardiac arrest does occur, 
although the presence of chest pain before cardiac 
arrest was not related to the historical presence of 
angina pectoris. 
Previous studies have suggested the instantaneous 
nature of sudden death. Goldstein et al5 observed that 
death occurred instantaneously in 29% of 270 acute 
witnessed deaths in patients who had had a previous 
acute myocardial infarction and were enrolled in a 
secondary prevention trial of aspirin therapy. Chest 
pain occurred in 18% of the patients who had symp- 
toms less than 1 hour before the event. A history of 
angina pectoris was recorded in 45% and 4?% of those 
dying suddenly and nonsuddenly, respectively. In a 
study of resuscitated sudden death victims by Hall- 
Strom and Cobb,3 angina pectoris and a prior myocar- 
dial infarction were reported in 40% of patients, hy- 
pertension in 38% and congestive heart failure in 18%. 
These frequencies are similar to but somewhat less 
than those in our study. 
The survival of cardiac arrest patients after out-of- 
hospital resuscitation in our study was not affected by 
the suddenness of death, but, as one wouId expect, was 
adversely affected by a history of cardiac disease. Sim- 
ilar observations were reported by Hallstrom and 
Cobb.3 
This study supports the concept of the suddenness 
of death. Patients who have a cardiac arrest often have 
a history of cardiovascular disease and have symptoms 
before their arrest. 
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